This paper examines the receptivity of a sample of commuters within the Greater Dublin Area (GDA) to a range of policy incentives that encourage travellers to make more sustainable usage of their private car. Several policy measures are evaluated to identify a means of stimulating a shift from single occupancy vehicle (SOV) use to modes that make sustainable usage of the car, namely carpooling and car-sharing. Consequently, an indication of increased levels of 'car-shedding' in the GDA is ascertained. Behavioural indicators such as market elasticities and simulation models are estimated from multinomial logit (MNL) modelling of choices from a stated preference (SP) survey. The analysis determined that reductions in the modal share of SOVs of up to 8% in a 'best case scenario', could be achieved if policies are put in place to reduce the time and cost attributes of commuting to work by carpooling and car-sharing. Furthermore, a 1% change in the convenience, time and cost attributes yielded a direct effect or increase in the probability of carpooling and carsharing being chosen, of up to 0.34%, suggesting that the carpool and car-share modes may be relatively elastic to attribute changes. A comparison of means analysis of other survey data is also included in this paper. Ultimately, this paper offers support to the argument that greater investment in policy incentives alone is worth considering in order to increase the occupancy of vehicles commuting to work and education.
Introduction
The external costs of SOV's for the purposes of commuting to work and education, such as traffic congestion and its implications for the economy, in addition to the harmful effects of air and noise pollution, place a heavy burden on nations globally. To tackle this, many conceptual tools have been devised to encourage travel behaviour change, such as travel plans, travel demand management (TDM) or mobility management (MM) measures, yet much of the focus centres on internalising these costs in the form of road pricing and parking charges (Washbrook, et al., 2006) . This paper offers a new concept, termed 'car shedding', that incentivises alternative modes, but does not penalise car owners, especially where no alternative to the private car exists. Car-shedding is hereby defined as the concept of encouraging the reassessment of the need to utilise a private car for certain trip purposes.
This concept refers to prompting a reduction in use and ultimately ownership of privately owned vehicles as a result of the introduction of car-shedding interventions or policy incentives. These incentives aim to encourage car owners to 'shed' a vehicle when other, more sustainable modes become more competitive in terms of convenience, time and cost efficiency. In this way, it is estimated that unsustainable utility and ownership of cars can be reduced through selling or forgoing ownership of a vehicle in exchange for more sustainable means of transport (Carroll, et al., 2017) .
Hence, it is expected that by providing access to a vehicle for occasional trips (i.e. car-sharing and carpooling), a household may be able to give up or shed a 'second or third vehicle, whether through cost, convenience or environmental motivations' (Millard-Ball, et al., 2005) . Car-shedding will be referred to throughout this paper, thus, all references to this term will be in relation to the definition provided. To identify ways of encouraging commuters to shed their vehicle, various TDM and MM tactics in the literature were reviewed in the literature to determine the best possible technique of promoting car-shedding in the GDA. The GDA consists of County Dublin and the counties that border it, i.e. Meath, Kildare and Wicklow. In 2016 a total population of the GDA was 1,907,332 (Central Statistics Office (CSO), 2017). To experiment with the aim encouraging car-shedding behaviour, a SP survey was devised to simulate the introduction of various incentives for alternative modes. This paper presents the results of the SP survey, which was conducted in March 2017. The survey was designed to gauge the behavioural response of a sample of commuters to a range of policy incentives intended to attract commuters to travel by carpooling and/ or car-sharing. The paper will also draw upon relevant literature in this field of research, in addition to delineating the experimental design and survey creation process used. This study contrasts to other empirical work in this area as it focuses exclusively on policy incentives rather than proposing disincentives or stick measures (or a combination of both) on car users. It also treats the drive alone car option in the SP survey as a status quo alternative, which is not influenced by the policy instrumentation, utilised as motives for attribute changes in the experiment.
Car ownership in Dublin, like in many other cities is growing. This increased car ownership results in many of the well-documented externalities such as congestion, emissions and increase accidents. This research examines methods to encourage the sustainable use of the car and methods for households to give up or forego the purchase of a new car -in other words car-shedding. The paper examines a set of convenience, financial and travel time policies that seek to meet the aim of car-shedding. This is one of the novel aspects of this paper, the impacts of each of these polices can be compared for their impacts on potential modal shifts to car-pooling and car sharing.
The paper is organised into six sections: Section 1 has introduced the context for the paper; Section 2 includes a literature review of comparable studies in this area; Section 3 examines the methodology and theoretical foundation for SP surveying and discrete-choice modelling; Section 4 presents the data analysis and findings from the modelling, and Section 5 then offers further discussion of the wider policy implications of the findings from the study, and finally Section 6 provides some concluding remarks and a summary of the findings.
Literature Review
A review of existing literature from various international case studies that concern the incentivisation of alternative modes of transport as a means of reducing car use or ownership, in other words, examples of stimulating car-shedding behaviour, was conducted, an overview of which is presented in Table 1 . In addition to this the potential of car-sharing and carpooling as modes to encourage a reduction in car use and ownership was also consulted. For example, Martin and Shaheen (2011) determined in a survey, that car-sharing lowers the total number of vehicles owned by members (2,968 vehicles before joining and 1,507 after joining car-sharing). Furthermore, they found that carsharing can also deter carless household from becoming car-owners. 62% of the households in their sample that joined the service did not own a car and 31% of households owned only one car (Martin and Shaheen, 2011) . stress, particularly for those with longer commute distances. Furthermore, 'they often have access to preferential parking and additional incentives'. As many of these incentives are not currently implemented in the GDA, it is thus the goal of this research to examine the behavioural responsiveness of a sample to the introduction of these measures, in terms of a modal shift to carsharing and carpooling. Chan and Shaheen (2012) also stressed that ultimately, effective policies must demonstrate to commuters that carpooling will improve their commute or at least be competitive to the driving alone option through tangible incentives, in order to encourage a mode shift.
To do this, O'Fallon et al. (2004) explained that policy tools are most effective when in 'packages, so policymakers can choose the tools that are suited to the constraints of the car driving population'. In addition to this, they identified that improvements to alternative modes should not be overlooked in the event that car usage is discouraged through fees and charges. As a result of this, it was decided that the policies offered in the SP scenarios in this study, would be presented in the form of policy packages or plans that are linked to the modes attributes, which will be discussed in the next section. Catalano, et al. (2008) concluded in their study that the market share for car-sharing grew by up to 10% given implementation of policy incentives such as reducing in-vehicle times (IVT), wait times and rising parking fees for SOVs. Younger and lower-status solo drivers were found to be more likely than others to mode shift in response to cash incentives from analysis conducted by Baldassare, et al.
(1998). Washbrook, et al. (2006) determined that increasing road pricing and parking charges would result in more significant reductions in the demand for driving solo car journeys than reductions made to time and cost attributes of other modes such as carpooling. Similarly, Eriksson, et al. (2010) ; and Schuitema, et al. (2007) conducted studies in which they tested the effectiveness of push and pull measures such as increasing fuel prices and decreasing public transport fares. Schuitema et al. (2007) concluded that if the aim is to reduce congestion, a kilometric charge may be the most effective approach, however, if the objective is to reduce local air pollution, this charge would be less effective and that a flat kilometric charge would be more appropriate, as it would 'primarily affect the number of short car trips'. While Eriksson, et al. (2010) and Baldassare et al. (1998) amongst others, discovered that combining a raised tax with improved public transport led to the largest expected car use reduction. As previously alluded to, a decision was made in this research to analyse specifically the effect of incentives on car-shedding behaviour without the inclusion of stick or push measures. This judgement was made based on the reality that in many outer suburban and rural areas of the GDA, few alternatives to the private car exist for commuting purposes, particularly in the case of carpooling and car-sharing. Therefore, the main contribution to knowledge that this paper offers is through analysing the impact of various economic market-based instruments on travel behaviour change, in respect to modal choice in the context of the GDA. The approach taken here is dissimilar to other research in this field as it emphases the effect of policy incentives on travel behaviour solely, as opposed to incorporating disincentives or a blend of both push and pull measures. While a private car option is included as a choice alternative in the survey, no alternative-specific attributes, and hence no policies, were applied to it. In this way, the research examined in this paper will be of use to policymakers and researchers in this area both nationally and internationally that seek to replicate an experiment of this nature, as the SP and discrete choice methodology can be easily tailored to suit particular contexts. sharing. Therefore, the research reviewed here provided a solid empirical base for the SP experiment presented in this paper.
Survey design and methodology
In the study reported in this paper, respondents were asked to select one option from a choice set of three alternatives, with each of these choice tasks framed as a choice scenario with differing levels of attribute intensity associated with the alternative in question. The three alternatives examined in the choice experiment were:
The private car (drive alone) option was included in the model to be considered as a constant or 'no choice' / 'status quo' option with no attributes associated with it. This decision was made, firstly, as there was a reluctance to dis-incentivise car owners by raising the costs of owning a car, which could perhaps put off potential respondents or have a negative impact on the results. Secondly, it is held in the literature that including a base alternative or 'current choice' option, makes decisions seem more realistic and leads to better predictions of market penetrations, as well as better mimicking consumer choices and increasing experimental efficiency (Brazell, 2006; Haaijer, et al., 2001; Louviere, and Woodworth, et al., 1983) . This leads to better model parameter estimates and more accurately predicts mode choice changes in the population. Dhar (1997) states that forcing a respondent to choose amongst a limited number of options might lead to biased parameters when modelling such survey results. Thus, it was assumed that the respondents only chose the car option if none of the other modes were appealing enough to them based on improvements made to the attributes.
The principals of SP experiment design dictate that the analyst must provide the respondents with a scenario in which they are prompted to make a trade-off between a number of mutually exclusive and finite alternatives (Hensher, et al., 2005) . The attributes applied to the alternatives define the appeal of each option, thus highlighting their importance in an SP survey. The alternative-specific attributes for carpooling and car-sharing in this model were considered, in reference to the literature on carpooling and car-sharing (Malodia and Singla, 2016; Brownstone and Golob, 1992) . It was subsequently identified that the following features were the main attributes affecting mode choice behaviour for carpool and car-sharing (Malodia and Singla, 2016; Brownstone and Golob, 1992):
• Convenience: 10%, 30%, 50% reduction in access/wait time • Travel Time: 15%, 25%, 35% reduction in trip time • Cost: 15%, 25%, 35% reduction in trip cost
It was then decided to present these attributes at three attributes levels, as these levels determine at which level of convenience, time and cost that an individual would be willing to choose this alternative over the other two given in the hypothetical scenario. The attribute levels represent low, medium and high attribute intensity, in terms of the overall impact of the policy measures on the alternatives.
Time and cost are consistently used as attributes in SP experiments in the literature mentioned in Table 1 by incorporating a 'time-convenience' factor that discourages carpooling in their SP experiment.
Therefore, from the literature review, convenience, time and cost appeared to be the most significant attributes used in studies of carpooling and car-sharing and for this reason they were selected for inclusion in this study.
A fractional factorial design subsequently generated using IBM SPSS software, which produced 27 individual choice combinations that were 'blocked' or divided into 9 versions to allow for the 9 SP scenarios to be assigned evenly, as outlined in Hensher, et al. (2005) . By blocking variables, the number of scenarios each respondent was required to answer was reduced. The nine versions of the survey were then randomly assigned to the respondents to minimise the influence of learning and fatigue (Beaton, et al., 1998) , using the Qualtrics survey flow randomiser function (Qualtrics, 2017 ).
The SP survey was conducted online in March of 2017, and was distributed randomly to a sample resident in and who work or study in the GDA. The survey was organised into 4 sections entitled:
1. Introductory questions 2. Perceptions of policy measures 3. Stated preference scenarios
Demographic characteristics
The introductory section was used to determine the respondent's current mode of choice, as well as the distance, time and costs of their commute, followed by car and driving licence ownership questions. Section 2 explored the perception of measures such as in work cycling facilities, carpool/ car-share assistance, the provision of timetabling information, financial incentives and the availability of the option to telecommute to ascertain levels of acceptance by the respondents. In Section 3 of the survey, the main component of the survey was featured -the SP choice scenarios, and the final section included a number of socio-demographic questions.
A description of the policy plan used in the choice scenarios was included in the brief prior to commencing the SP component of the survey. The carpooling and car-sharing policy plan included a range of policy actions that directly influence improvements in the trip attributes of convenience, time and cost. These actions included:
• Free-on street and private parking for high occupancy vehicles (HOVs) and car-share members.
• Availability of HOV lanes.
• Exemption of road tolls for HOVs and car-share members.
• Guaranteed ride home for carpoolers and car-sharers.
• Cost studies provided for carpoolers and car-sharers by employers.
The respondents were then presented with the context of the hypothetical trip in which they would be making a mode choice. They were initially informed that they had been offered a job in a new location and that they would need to decide on how they would travel to work based on the availability of a range of new policies (incentives). By making new travel plans through the tradingoff behaviour between the trip attributes, the respondents were then asked to choose one of the three modes provided (i.e. carpooling, car-sharing or private car (drive alone)) after considering how the policy incentives would improve the modes. This is comparable to a scenario provided by Martin and Shaheen (2011) of where a household could be prompted to 'shed' a car, for example 'a married couple may commute to jobs in separate locations, both by automobile. The husband then joins carsharing and starts to commute by public transit, but the couple keeps 'his' car, because it is newer.
They shed the wife's vehicle and she uses the remaining bar for her commute once they become a one-car household'. The SP experiment itself, motivated the respondents to reflect on which trip characteristic or which combination of attributes, was a deciding factor in their mode choice and then asked the respondent to select their mode preference. For instance, if their trip became 35% cheaper and 15% quicker by carpooling to work/ education relative to their current trip, as shown in Figure 1 , on account of various policy tools being implemented, would this spur them to switch to carpooling in future or would they simply continue with their current mode of choice (i.e. no change)? Figure 1 displays an example of one of the SP scenarios included in the survey. 
The Greater Dublin Area
In recent years, the GDA has witnessed a surge in the numbers of commuters taking sustainable transport modes to work and education. The total number of people commuting to work in the GDA has increased from 1. 
Results

Data collection
The target sample was defined as those working and studying within the GDA, as the SP survey specifically concerned the commuting populace. A sample size of 385 respondents was estimated to be acceptable for the estimation of the survey results, based on a 95% confidence level, a 5% margin of error, and the GDA population of 1,907,332. The sample was collected online with the aid of Delve
Research, an independent survey research company, who operate panels of respondents nationally. A total of 552 responses were recorded, of which 432 surveys were fully completed, thus meeting the requirements for the modelling. In Table 2 the characteristics of the sample show that a gender split of 44.5% male and 55.5% female was representative of the GDA population in reference to the 2016
Census, that revealed a 49% male and 51% female gender split in the GDA (CSO, 2017). It was observed that a greater percentage of the sample were aged within the 35 -44 and 45 -54 age cohorts, with at least a secondary school education, married with no children, an average household income of between €25,000 to €50,000 per annum, living in the inner suburbs of Dublin and working in Dublin city centre. It was also noted that a considerably higher percentage of the sample were in employment, rather than in education, which was expected. The age, number of children/ dependents, educational attainment, marital and economic status characteristics of the survey were similarly found to be adequate representations of the population of the GDA when compared with the 2016 Census results from the GDA (CSO, 2017). By analysing the choice proportions of the survey, it was found that carpool was the clear winner with almost half of respondents (48.41%) opting for this alternative. The remaining two options (Car and Car-share) were shared relatively evenly, with 26.79% and 24.80% of the respondents selecting these modes respectively. This provided an encouraging signal that more people could be inclined to make more efficient use of the private car in the GDA by increasing the occupancy levels of cars when commuting, thus reducing the modal share of those driving to work/ education alone.
The attributes-only model results displayed in the third column of Table 4 , show that all parameter coefficients were statistically significant and the chi-squared probability value of 0.000 was satisfactorily below the alpha value of 0.05 to warrant a rejection of the null hypothesis that the policy incentives do not increase the utility of the carpool and car-share alternatives. The most significant coefficients were related to the cost attribute, significant at the 99% confidence level for carpool and 95% for car-share. These coefficients suggested that as carpooling and car-sharing became increasingly cheaper modes, the utility of these modes also increased and the likelihood of individuals choosing them also rose.
The extended model in the final column of Table 4 , improved upon the attributes-only model results with the inclusion of various socio-demographic variables described in Table 3 Table 4 also shows that all the beta coefficients of the extended model were statistically significant to various confidence levels, with the marginal exception of the Carptime coefficient. This suggests that individuals who chose to carpool did not place such an emphasis on the time attribute. As there were many predictors included in the full model output, the model was reduced to exclude non-significant variables. However, various predictors in the model produced significant results with gender, age and education level being significant variables for both the carpool and car-share alternatives. Gender was binary coded (male = 1, female = -1) and as the gender coefficient was found to be negative for both carpool and car-share alternatives, this suggested that females were more likely than males to take these modes. Other significant coefficients suggested that those within higher age cohorts with higher levels of education were more likely to carpool and carshare than younger males with lower levels of education. Those living in areas in the outer suburbs or peripheral locations of the GDA would have higher likelihood of choosing to carpool which was logical, given conceivably longer commuting distances to work or education. In addition to this, single people were distinctly more likely to carpool than married individuals. Yet those working in closer proximity to Dublin city centre in full-time employment would be more likely to car-share, perhaps given the greater availability of car-sharing vehicles in the Dublin city centre. Furthermore, having a driving license and more than one car rather counter-intuitively increased the chances of those commuting by both carpool and car-sharing to work or education. Table 3 Sociodemographic variable coding The models examined in this paper were used to produce behavioural indicators from the sample data, such as elasticities and simulation models. Transport elasticities generally, are based on either actual (revealed) and/ or SP studies, and are often expressed as the ratio of the proportional behavioural change to the proportional changes in prices, fares or services (Eriksson, et al., 2010 ). Direct and cross elasticities are key behavioural outputs in this study, as they provide a greater insight into the varying effects of changes to specific attributes in the model, and explicate the impacts in the form of probabilities of choosing the alternatives in question. Elasticities measure the percentage change in the probability of choosing a particular alternative in the choice set with respect to a given percentage change in an attribute of that same alternative (direct elasticity) or a competing alternative (cross elasticity) (Hensher, et al., 2005) . 'What if' simulation models provide the analyst with the capability to use an estimated model to test how changes in attribute value impact upon choice probabilities and market shares in choice alternatives (Ryley, et al., 2014; Hensher, et al., 2005) . Using this approach, the analyst can investigate the tactical issues such as service design and pricing strategies through the use of hypothetical simulations of attribute value changes. In this way, the analyst can aid transport planners and support policymakers in the examination of the impact of socio-economic and transport-related variables on future passenger demand for certain modes (Onsel, et al., 2013 ). This indicator is pertinent to the aims of this study as it acts as a gauge of projected modal shares in future years given new demands for alternative modes.
The modelled elasticities are examined in Table 5 , and relate to the analysis of the impact of a 1% change in the three attributes in the model, which translates into a 1% decrease in trip times and costs and a 1% decrease in wait and access times associated with convenience. This resulted in trip cost being the most statistically significant attribute, which displayed a 0.34% increase in the probability of car-sharing being selected and 0.22% for carpooling. However, the cross elasticities produced the expected output, for if this change were to be applied to either carpooling or car-sharing only, then this would negatively affect the likelihood of the mode with no such change. For example, if a 1% decrease in the cost of car-sharing occurred, this would result in a fall of 0.22% in carpooling being chosen, and if the cost of carpooling was altered, car-sharing would undergo an 0.11% reduction in the probability, thus lowering its utility overall. Comparable effects are noticed with the time and convenience attributes as boosts of 0.27% and 0.18% to the probability of car-sharing and carpooling were recorded for time, and increases of 0.26% and 0.17% for these modes from changes to the convenience variable. The results here suggest that the carpool and car-share alternatives are relatively elastic to changes made to the convenience, time and cost attributes, with cost being most significant. Moreover, they indicate that increasing the strength of the impact of the policy measures on the alternatives in the choice scenarios, would lead to an increase in the probability of carpooling and car-sharing being chosen of up to 0.34%, hence further increasing the utility of these modes. Table 5 Elasticities Table 6 show that modifying the cost attribute from an actual value of 35 to 50, would result in 107 individuals switching to carpool and car-share. Of these 107 individuals, 72 would switch to carpool and 35 to car-share, which relates to 5.3% and 2.6% of the sample respectively.
Modifications made to the time and convenience attributes also produced noteworthy findings, as 6.49% of the sample are estimated to switch to carpool and car-share when time is also set to a 50% attribute level value, and 6.30% of respondents are predicted to move to these modes as a consequence of changing convenience to a 60% reduction value, from a value of 50. Changes to cost represented the most significant modal shift and resulted in the car (drive alone) alternative having the smallest modal share (18.84%) given the three attribute value changes. This finding supports the premise that car-shedding behaviour can be encouraged in the GDA by presenting attractive incentives to commuters without sacrificing the real benefits of owning a private vehicle, e.g. comfort,
freedom, independence and status. It indicates that if viable alternatives are incentivised to the extent that they offer greater benefits in the form of time and cost savings to the commuter, then noticeable sustainable travel behaviour change can be encouraged. Table 7 Table 7 show that for gender, Policy 5 (free parking) was of most importance to both male and female respondents, followed by Policy 4 (free road tolls), yet male respondents were marginally more interested in this policy than females, determined by a higher mean value. with no children and one car available to the household, would likewise be most interested in the free parking and free tolls policy measures, followed closely by cost subsidies provided by employers (Policy 3). These results confirm that policy incentives leading to reductions in the cost of taking carpool and car-sharing were the main determinants in modal choice behaviour in the SP experiment.
Moreover, while the policies that result in reductions in trip time are transposable and increases in the perceived convenience of taking these modes are indirectly effected by free parking, tolls and financial incentives, changes to the cost attribute was determined to be of greater interest to the respondents in this study overall. Thus, it is proposed that directing attention to offering financial incentives for carpooling and car-sharing is an appropriate approach to take in encouraging carshedding behaviour in the GDA. Table 7 Comparison of means 
Policy Implications
The discrete choice modelling results examined here, exemplify the sample's sensitivity to changes made to travel time, cost and convenience, as a method of policy appraisal for a range of policy incentives that encourage car-shedding behaviour. This survey acts as a forecasting tool to assess the relative market elasticity and market share (probability) for carpooling and car-sharing given several hypothetical scenarios (Hess and Daly, 2010) . Through analysing the results from the survey, it was found that policy measures applied to carpooling and car-sharing leading to cost savings were most popular as a means of shedding solo car commuting trips in the GDA. This was revealed by how the sample exhibited greater receptivity to cost incentives and in this way, indications of a possible sustainable shift to carpooling and car-sharing were recorded. It was suggested that policy actions such as free parking, an exemption from road tolls and cost subsidies provided by employers, would be the most appropriate policy instruments to implement in order to encourage a modal shift from
SOVs to carpooling and car-sharing, thus increasing their mode share. The estimated behavioural change observed from the MNL model parameter coefficients, market elasticities, simulation model share outputs and comparison of means results indicated that the cost attribute was statistically significant throughout the experiment and could cause an increase in the utility of higher occupancy modes. The findings estimate that even in the absence of disincentives applied to solo drivers, commuters in the GDA can be encouraged to travel more sustainably to work or education when presented with a suitable stimulus. These results will be of interest to policymakers who may be reluctant to penalise solo motorists, especially in areas where no viable alternative to the car exists, but wish to stimulate car-shedding behaviour. Therefore, this study effectively acts as a policy appraisal tool for analysing behavioural responses to choice situations not revealed in the market (Hensher, 1994 ).
Conclusions
This experiment was conducted with the principal aim of analysing the behavioural response of strategically designed policy plans on the commuting population of the GDA. The tool most suitable to conduct this type of research, was determined to be a SP survey that incorporated policies into hypothetical choice scenarios. Through analysing the results of this survey, it would appear that individual commuters do need a proper incentive to interrupt commuting habits that may have been in place for a considerable amount of time. Still, if such incentives result in tangible time and cost savings for commuters, then this could lead to sustainable mode choice behaviour in the GDA.
Based on the output from the MNL models, it was found that as the trips became more time efficient and cheaper, the utility for carpooling and car-sharing steadily grew. It was also identified that single women in the middle to higher age cohorts, with a university education, who commute from the outer suburbs to Dublin city for work or education were most likely to carpool or car-share. Those with children would be more likely to car-share than those without and commuters with a driving licence and at least one car available to the household would represent higher likelihood to carpool or carshare. Finally, the analysis also determined that significant reductions in the modal share of SOVs of up to 8%, could be achieved if policies are implemented to improve the time and cost parameters attributes of commuting to work by carpooling and car-sharing. In addition to this, a 1% change in the convenience, time and cost attributes yielded a direct elasticity or increase in the probability of carpooling and car-sharing being chosen, of up to 0.34%. These behavioural indicators are more informative and revealing, in terms of evaluating the effect of policy on behavioural change, than the interpretation of parameter estimates, as they identify the practical consequence of each policy incentive (O'Fallon, et al., 2008) . In this case, they act as concrete gauges for potential reductions in solo driving for commuting purposes by means of the application of specific policy tools.
In reference to other work in this area, it was found that similar findings were recorded elsewhere in the world. For example, Catalano, et al. (2008) concluded in their analysis that, with the introduction of policies such as: increasing the availability of reserved parking areas for car-sharing and carpooling users, development of the public transport system by reducing the in-vehicle and waiting times and a rise in the parking fees for high emission vehicles, increased the modal share of car-sharing from zero to 10% and carpooling seeing a moderate increase also, in Palermo, Italy. In India, Malodia and Singla (2016) also found that cost savings proved to be the most significant instrument, followed by travel time, in encouraging the up-take of carpooling. In China, Weibin, et al., (2017) determined that both income and time constraints have significant effects on the utility of alternative modes of transport for commuters in Beijing. Finally, in North America, Shaheen, et al. (2016) in their guide of the current practices and guiding principles of shared mobility also concluded that 'cost and convenience are frequently cited as popular reasons for shifting to a shared mode' based on the numerous studies referenced in the report. By providing incentives to improve these attributes, Martin and Shaheen (2011) found that the average of vehicles owned per household in their sample fell from 0.47 to 0.24 after households joined a car-sharing service, suggesting that car-shedding behaviour took place from the point that the household began car-sharing.
However, in the context of this paper it is worth noting that as the study area of this experiment was limited to the GDA, it remains to be seen whether such outcomes could be replicated elsewhere in
Ireland. As more alternatives to the private car already exist in the GDA, it would suggest that lower estimates would be recorded outside of the study area. Thus, a recommendation for further research would be to replicate this study in other regions of Ireland or on a national scale to investigate the differences in modal choice in other contexts of varying transport accessibility and availability of alternatives to the private car.
Overall, the results in this paper demonstrates that there exists an opportunity to induce a shift from solo driving to other more sustainable modes of transport or simply by increasing the occupancy levels of private cars through carpooling and car-sharing. This was examined in the context of not applying disincentives to driving a private car alone, which is contrary to work produced by Eriksson, Nordlund and Garvill (2010) and O'Fallon (2004) , who state that is it necessary to have a combination of carrot and sticks to achieve the highest modal shift. However, this is contested by Schuitema, et al.
(2007) who found that shorter car trips were replaced by cycling and walking and public transport replaced longer car trips in response to reductions in fares. It was the aim of this study to isolate the car (drive alone) option as a status quo option, with no attributes associated, to act as an option for respondents who were not enticed by the policy incentives. Further examination of the potential for car-shedding behaviour is also planned utilising more complex national demand forecast models to establish precise modal share predictions and to produce estimates for the associated impacts on emissions levels.
